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PREFACE 


The  problem  involved  in  this  dissertation  Bay  be 
divided  into  four  sections*  Each  division  constitutes 
a chapter  of  the  dissertation* 

The  first  chapter  describes  the  fractionating 
e. uipwent  developed  for  uhe  purification  of  terpenes 
and  the  analysis  of  reaction  products. 

The  second  chapter  describes  the  oxidation  oi 
beta  pinene  by  air,  with  and  without  catalyst,  at 
various  temperatures.  The  method  for  the  separation 
of  the  products  is  &iven. 

In  the  third  chapter  is  given  the  electrochemical 
action  of  the  pinenes  in  sulfuric  acid  and  sodium 
bicarbonate  emulsions,  using  platinum  and  lead  dioxide 
anodes  * 

In  the  fourth  chapter  is  given  the  electrochemical 
oxidation  and  selenium  dioxide  oxidation  of  cyclohexene* 
The  manner  of  listing  references  is  the  customary 
one  for  technical  works  in  organic  chemistry  of  comparable 
length  and  scope.  Journal  abbreviations  are  the  official 
ones  of  the  "Chemical  Abstracts”. 

In  conformity  with  present  usage  m research 
communications  ail  temperatures  are  of  the  centigrade 
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scale,  and  the  centigrade  symbol  is  omitted. 

The  meeting  points  are  capillary  melting  points. 
The  symbol  n(Corr.)n  is  used  after  every  corrected 
melting  point.  The  thermometers  used  for  obtaining 
the  melting  points  were  calibrated  against  a set  of 
thermometers  standardized  by  the  Bureau  of  Standards. 
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Chapter  I 


FRACTIONATING  COLUMNS 
Introduction 

Before  any  experimental  work  could  be  carried,  out 
with  4J- pinene,  it  nad  do  be  obtained  as  pure  as  possible. 
Since  0- pinene  forms  no  solid  derivatives  0*7),  it 
was  obtained  pure  by  the  fractionation  of  commercial 
material. 

Coinaerci'  x 8 pinene  is  not  pure  but  contains 
approximately  Qb%  of  this  substance.  It  is  obtaxned 
commercially  from  turpentine  which  is  a complex  mixture, 
consisting  largely  of  terpene  hydrocarbons  ?/)  of 
the  bicyclic  mono-terpene  series. 

Since  * pinene,  the  other  main  constituent  of 
turpentine,  and  fl-pinene  do  not  have  widely  separated 
boiling  points,  it  is  necessary  that  efficient  columns 
be  used  for  their  separation  and  purification.  Many 
different  types  of  efficient  columns  have  been  reported 
(3 <,*?).  It  has  been  found  in  this  laboratory  (f£>) 
that  the  spiral  screen  puckeu  columns  of  Lecky  and 
Eweil  (33)  are  best  for  the  purification  of  terpenes. 
However,  the  liolaup  of  these  analytical  columns  was 
too  large  for  the  successful  analysis  of  the  a&mll 
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amounts  of  products  which  were  s metimes  obtained. 

A column  with  twisted  wire  packing  as  developed 
by  Bower  and  Cooke  (s  ) proved  to  be  best  suited 
for  the  analysis  of  these  small  Quantities.  An 
Ellis  type  receiver  (/?)  does  not  permit  sufficient 
flexibility  of  operation  and  hence  another  head  and 
receiver  was  designed. 

General  Column  Construction  and  Operation 

The  spiral  steel  columns  were  built  as  described 
by  Fuguitt,  Stalicup  and  Hawkins  (rt)  and  the  general 
assembly  and  operation  were  similiar.  The  packing 
in  the  tube  is  surrounded  by  a concentric  tube. 

This  was  wound  by  equally  spaced  nichrome  wire  so 
that  300  watts  at  135  volts,  instead  of  about  150 
watts  as  used  by  the  above  authors.  This  was  surrounded 
by  a larger  concentric  tube  for  insulation  and  is 
called  the  air  jacket. 

The  column  was  adjusted  within  two  degrees  of 
the  head  temperature  by  means  of  a transformer.  A 
thermometer,  which  will  be  known  as  the  column  thermom- 
eter , was  attached  to  the  column  so  that  it  lay  between 
the  column  and  the  heater  jacket.  Another  thermometer, 
which  will  be  known  as  the  jacket  thermometer  was 
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Placed  between  the  heater  jacket  and  trie  air  jacket 
and  read  about  90°  when  tire  column  thermometer  read 
100.°  The  throughput  v,as  controlled  by  evaporation 
from  the  electrically  heated  pot.  The  heat  on  the 
pot  was  controlled  by  means  of  a transformer. 

The  theoretical  plates  were  determined  by  the 
use  of  n-heptane  methylcyciohexane  mixtures  and  tile 
data  of  Beatty  and  Caiingaert  (5")  and  Bromiiy  and 
aiggie  (''»).  This  was  expressed  as  the  H.E.T.P., 
which  is  the  height  equivalent  to  one  theoretical 
plate . 

The  nondrainable  holdup  was  measured  by  pourin^ 
a known  weight  of  benzene  through  the  packing  and  collecting 
the  liquid  drainings  and  reweighing.  The  column  was 
allowed  to  drain  for  one  minute.  The  difference  in 
these  weights  gave  the  nondrainable  holdup.  This  needs 
to  be  small  for  analytical  work. 

The  operating  holdup  is  the  weight  of  liquid 
present  in  the  column  ana  head  durinfo  a distillation. 

This  was  measured  by  the  stearic  acid  method  (5?).  A 
weighed  amount  of  stearic  acid  was  dissolved  in  a 
weighed  amount  of  benzene  and  the  mixture  refluxed 
in  the  columns.  When  equilibrium  was  attained  a 
sample  was  drawn  from  the  kettle*  and  weighed.  The 
benzene  was  removed  by  evaporation  on  the  steam 
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bath  until  constant  weight  resulted.  From  these  two 
weighings  the  change  in  percent  of  stearic  acid  in 
the  benzene  remaining  in  the  flask  was  calcinated. 

Since  the  stearic  acid  is  nonvolatile,  its  weight 
in  the  flask  is  constant,  so  the  weight  of  benzene 
remaining  in  the  flask  could  be  calculated.  The  weight 
of  benzene  remaining  subtracted  from  the  weight 
originally  present  in  the  flask  gives  the  operating 
holdup.  The  operating  hoidu*  divined  by  the  number 
of  theoretical  ^1  tes  gives  the  oper- ting  holdup 
^er  theoretical  plate.  Low  operating  holdup  per 
theoretical  plate  gives  sharper  fractions  me  is  necessary 
for  the  fractionation  of  small  amounts  of  materials. 

The  pressure  drop  in  the  column  was  measured 
by  connecting  the  manometer  alternately  to  the  head 
and  kettle  by  means  of  a double  diagonal  stopcock. 

A snarl  pressure  drop  is  advantageous  so  that  thermal 
reactions  are  a minimum  in  the  kettle. 

Coium  specifications,  H.E.T.P.  and  other  data  are 
given  in  table  I.  Non  drainable  holdup,  operating 
holdup  and  pressure  drop  are  given  in  columns  i,  3 
and  4 of  table  II 
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Sped f i oati on*  and  H.E.T.F.  of  Stainless  Steel  Spiral  Screen  Columns 


niekle  rod  O.D.  2.5  mm 
Packing  Height  22  in. 


Operating  Characteristics  of  the  Spiral  Screen  Columns  at  Atmospherie 

Pressure 
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Efficiency  at  Various  Hates  of  Throughput 


In  oruer  to  estabxish  optimum  conditions  m 
actual  fractionations,  it  was  necessary  to  determine 
the  variation  in  H.E.T.P.  with  rate  of  throughput 
at  total  ref  nix. 

The  column  temperature  was  adjuster  to  within  two 
degrees  ox  the  head  temperature  and  the  throughput 
was  controlled  by  evaporation  from  electrically  heated 
kettles.  If  the  column  is  so  long  that  the  bulb  of 
the  column  thermometer  is  more  than  ten  inches  from 
the  bottom  of  the  column,  it  was  found  that  the 
column  Operates  most  efficiently  at  a temper  ture  ox 
about  2°  bexow  the  heaa  temperature.  If  the  column  is 
so  short  that  the  bulb  of  the  column  thermometer  is 
withxn  two  or  three  inches  of  the  bottom  of  the  column, 
then  the  column  Operates  most  efficiently  when  the 
thermometer  reads  abo „t  2°  above  the  head  temperature. 

n-Heptaxxe  methyxeycxohexane  mixtures  were  used  to 
make  the  foixowing  determinations.  The  throughput  was 
determined  by  counting  the  drops  returned  through  the 
drop  counter  to  the  column  under  total  refxux.  Fig  I 
is  a diagram  of  ohe  head  used,  and  the  drop  return.  A, 
was  calibrated  by  adaxng  a methyxeycxohexane  n-heptane 
mixture  to  the  top  of  the  head  m such  a way  that  it 


would  run  down  the  side  of  the  condenser  and  through 
the  drop  counter  into  a graduated  cylinder. 

It  was  found  that  if  the  exposed  parts  of  the 
kettle  and  head  were  not  insulated  the  column  efficiency 
was  reduced  as  much  as  one  half.  Insulation  was  effected 
by  wrapping  the  exposed  parts  with  glass  wool. 

Efficiencies  at  various  throughput  rates  are  given 
in  table  III,  page  13. 

Efficiencies  at  Optimum  Throughput  Rate 
at  Various  Reflux  Ratios 

The  ability  of  a fractionating  column  to  separate 
a mixture  depends  upon  several  factors,  the  most  impor- 
tant of  which  are  relative  volatility  of  the  components, 
the  number  of  theoretical  plates  and  the  reflux  ratio 
at  which  the  product  is  collected.  The  magnitude  of 
the  effect  of  the  reflux  ratio  in  any  given  case  depends 
upon  the  vapor  pressure  ratio  of  the  components,  and 
the  total  equivalent  plates  at  total  reflux  as  well 
as  the  reflux  ratio.  The  order  of  importance  of  these 
is  generally  relative  volatility,  reflux  ratio,  and 
equivalent  plates  (96). 

Reflux  ratio  is  defined  as  the  ratio  of  product 
returned  to  the  column  to  the  product  collected;  thus 
if  in  a period  of  time  20  cc  of  head  reflux  is  returned 
to  the  column  to  1 cc  of  head  reflux  collected  as 


10 


product  the  reflux  ratio  is  20  t 1.  Since  no  product 
can  be  collected  at  total  reflux  a portion  of  the 
head  reflux  must  be  collected  as  product  in  any  fractiona- 
tion. This  lowers  the  efficiency  of  the  fractionating 
column  ( 3 ) . It  is  desirable  to  know  the  reflux  ratio 
best  suited  for  the  separation  of  the  constituents  of 
a mixture,  hence  the  H.E.T.P.  has  been  determined 
at  several  reflux  ratios  using  the  methylcyclohexane- 
n-heptane  mixture.  These  data  are  given  in  table  IV, 
page  14,  and  plotted  in  Fig.  2,  page  15.  The  amount 
of  material  in  the  kettle  was  made  large  so  that  there 
would  be  little  change  in  the  kettle  composition  throughout 
the  determination.  The  throughput  was  regulated  to 
optimum  conditions  and  the  reflux  ratio  was  adjusted 
by  partially  opening  a diagonal  adjustable  flow  stop- 
cock. The  drip  point,  F,  (Fig.  1,  page  12.)  was  calibrated 
in  a manner  similiar  to  the  method  used  for  the  head 
return  already  described  on  page  9. 
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Fig.  1 Distilling  Head 
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Data  Obtained  in  the  Determination  of  the  Throughput  Rate  which  gave 
minimum  H.E.T.P.  at  Total  Reflux  and  Atmospherio  Pressure 
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Data  to  Deterrain  H.E.T.P.  at  various  Reflux  Ratios  and  Atmospherio 
Pressure  and  at  Optimum  Throughput  rate* 


a, 

• 

Eh  • 

* CJ 
IS  -H 

• 

w 


• » 
O • 

*5  4* 


O Vi 
Eh  O 


s 

1*3 


$ 8 


ir\  i-h  On  vO  vO 

• • • • • • • 

K>  H «-l  rH  O O O 


SO  2 


& £3  23  £3 

St  ^ 


•o 

«s 

e 

» 


flOv  O O oo  OJ  VO 
-q-  -3*  KN  St  K\K> 


■P 

«s 

P3 


53 

03 


m * 338&I 


+» 

% 


3 al  < 


h ( 


O r- 1 >11  H rt  H H 

Ov  co  r—  co  oo  oo  co 


o 

PR 


O 

u 


K\ 


14. 


Analytical  Columns 
(Twisted  Stainless  Steel  Wire) 

In  the  oxidati  ns  described,  in  chapters  II  and 
III  there  were  often  obtained  small  amounts  oi  a.atenai 
that  could  be  separ  ted  best  by  fractional  distillation 
but  in  such  small  amounts  that  it  was  not  possible 
to  separate  them  by  any  of  the  columns  that  have 
been  described  heretofore.  It  became  apparent  there- 
fore that  another  tyx.e  of  packing  must  be  used  that 
would  have  much  less  holdup  per  theoretical  ^iate 
to  sucessfula.y  separate  these  products. 

Column  No.  4 of  the  type  reported  by  Bower  and 
Cooke  .(  f)  was  constructed  of  stainless  steel  in  a 
manner  described  by  them.  It  was  found  that  ii  the 
packing  were  tight  enough  to  fit  ail  sid^ s the  force 
necessary  to  puli  it  into  the  tube  was  great  enough 
to  streeh  the  packing  cut  of  shape.  The  packing  was 
rnaae  a bit  smaller  than  they  recommended  and  thus  it 
was  relatively  easy  to  pull  it  into  the  cube  when 
greased  with  otexc  acid.  The  oleic  acid  was  then 
removed  with  aucohoi.  The  aicohol  formed  a continuous 
film  between  the  packing  and  the  tube,  being  broken 
about  six  times  by  the  aiisfits  in  the  packing. 

StaJidard  ta^er  joints  were  sealed  to  the  tube  and 
this  was  welded  inside  a heater  jacket  as  shown  j.n 
Fig.  3.  The  bulge  at  each  end  of  the  tube  is  to 
allow  for  expansion.  This  jacket  was  wound  with 


equally  spaced  nichrome  wire  so  that  about  200  watts 
would  be  obtained  at  125  volts.  This  was  enclosed 
inside  an  air  jacket  as  in  previous  columns. 

Since  refractive  indices  and  optical  rotations 
are  sometimes  excellent  guides  for  the  separation  of 
fractions,  it  wa3  not  feasible  to  use  the  Eliis  type 
of  receiver  (/?).  *n  the  use  o£  this  receiver,  it  is 
necessary  to  interrupt  the  distillation  to  obtain  the 
fractions  that  have  been  collected.  It  was  necessary 
to  design  a head  with  a small  operating  holdup  that  would 
permit  the  control  of  the  reflux  ratio  and  the  collection 
of  samples  without  interrupting  the  distillation.  The 
head  described  in  Fig.  4,  page  21  was  designed.  By 
rotating  the  cold  finger  condenser  the  reflux  ratio 
could  be  varied  from  1 - 1 to  about  30-1  with  the 
stopcock  open  full.  Further  reductions  in  the  reflux 
ratio  could  be  controlled  by  partially  closing  the 
stopcock. 

At  total  reflux  the  column  was  found  to  flood  at 
about  300  cc  per  hour  total  throughput,  instead  of 
1Q0  cc  per  hour  as  stated  by  Bower  and  Cooke  (F  ). 

The  results  of  testing  this  column  are  given  in 
table  V,  page  22. 

Since  the  packing  must  be  drawn  in  with  little 
force,  a tight  fit  is  impossible.  It  was  necessary 
to  heat  the  glass  to  the  softening  point  so  that  the 
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glass  tube  wouxd  shrink  to  the  packing.  The  column 
was  placed  in  a quartz  tube  and  the  annular  Space 
filled  with  aluminum  oxide.  The  latter  compound  is 
high  melting  ana  does  not  dissolve  in  the  hot  glass 
leaving  the  column  transparent  after  the  treatment. 

The  quartz  tube  was  heated  by  equally  spaced  nichrome 
wire  axid  insulated  with  glass  wool.  It  was  found  after 
the  first  experiment  that  no  vacuum  in  the  column 
was  necessary  and  that  it  must  be  carefully  heated. 

Since  the  column  cannot  be  seen  during  the  heatxng, 
the  treatment  was  controlled  by  timing.  After  several 
experiments  anu  slight  redistribution  of  wire  toward  the 
ends  of  the  quartz  heating  tube,  a column  was  obtained 
that  had  just  the  tips  of  the  wires  imbeded  in  the 
glass  and  when  finished  produced  a column  whose  character- 
istics are  described  in  table  VI. 

It  should  be  pointed  out  that  care  must  be  taaen 
not  to  submit  the  column  to  either  com^ressional  or 
eionsating  forces  while  it  is  under  the  heat  treatment. 

If  tue  forces  are  c ombres sionai  the  tube  bulges  ana 
the  packing  does  not  fit  the  tube.  If  the  tube  is 
elongated  the  packing  is  streched  and  the  tube  collapses. 

If  the  tube  is  heated  too  hot  it  completely 
collapses  around  the  packing,  or  the  poking  sticks 
through  the  tube  and  forms  small  holes.  These  holes 
can  be  detected  by  means  of  a high  frequency  spark  coil. 
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When  the  Spark  coil  is  held  close  to  the  tube  the  spark 
will  jump  direcoiy  to  the  hole  instead  of  uniformly 
along  the  column.  In  either  case  the  plate  efficiency 
becomes  very  low  and  the  column  floods  readily.  The 
tube  is  weakened  considerably  and  breaks  easily. 

Comparison  of  Packings 

It  will  be  seen  by  comparxng  tables  I and  VI 
that  the  twisted  wire  (column  No.  5)  has  about  the 
same  H.E.T.P.  as  the  small  stainless  steel  spiral 
(column  No.  5).  The  flood  point  in  cc  reflux  per 
hour  is  only  silently  lower  in  the  case  of  the 
twisted  wire  anu  the  holdup  per  theoretical  plate 
is  several  times  smaller,  as  seen  by  comparing  taDies 
II  and  VI. 

Cost 

The  overall  cost  for  the  finished  column  with 
twisted  wire  screen  packing  is  $8.00  or  $4.00  per 
foot  inducting  aceesories  ana  labor  figured  at  $1.50 
an  hour.  The  head  described  c.st  $12.00  figuring 
labor  at  the  same  rate. 
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S'emimicro  Distilling  Column 
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A Standard  taper  14-35  F Stopcock  (1  mm) 

B Thermometer  G 2 mm  capil&ry 

C 11-28  standard  taper  H Drip  point,  reflux 

return 

D Vacuum  outlet 

E Adjustable  reflux  ratio 
cold  finger  condenser 

Fig  4 Semimicro  Distilling  Head 
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Data  Obtained  in  Testing  Column  No 
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Hondrainable  holdup  is  0J4.  g bensene 


Data  Obtained  in  Testing  Column  Vo.  5 (Heat  Tree. 


3 


$ p *>  « 

• • • • 


£3 


S K % ® % 


9 

Tt 

H 

5 


23 


Summary 


The  efficiency  of  the  stainless  steex  spiral  is 
given.  The  theoretical  plates  and  H.E.T.P.  at  various 
rates  of  throughout  have  been  recorded.  The  operating 
efficiency  of  xhe  spirals  at  different  reflux  ratios 
have  been  determined.  The  construction  of  a twisted 
spiral  stainless  steel  column  is  described.  The 
efficiencies  of  these  columns  are  given.  A new  low 
holdup  head  has  been  designed. 
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Chapter  II 


THE  AIR  OXIDATION  OF  BETA  PINENE 
Introduction 

When  /fplnene  reacts  it  may  form  several  types 
of  product.  In  some  cases  in  the  hydration  of 
pinene,  I,  the  ethylenic  linkage  is  broken  to  form 
methylnopinol,!!  ( 7 ) . 
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In  other  cases  of  hydration  the  cyclobutane  ring  is 
broken,  forming  <*terpineol,III,  (//). 
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Further  hydration  of  either  II  or  III  yields  i-8  terpin, 
IV  (4  s?). 


3 3 

In  some  cases  when  there  is  an  addition  to  the 
ethylenic  linkage  the  reac  ion  is  accompanied  by  a 
Wagner-Meerwein  rearrangement  to  form  derivatives 

of  camphane.  For  example:  when  pinene  is  treated 

with  dry  hydrogen  chloride  at  0°,  pinene  hydrochxoride, 
V,  is  formed  vhich  rearranges  to  camphene  hydrochloride, 
VI  (Sh). 

? fs  f 3 fs 


Beta  pinene  polymerizes  to  a diterpene  when  heated 
under  pressure  (5~3),  It  isomerizes  to  <?k.pinene,  VII, 
{^)  and  to  dipentene,  VIII  (£^).  This  change  does  not 
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appear  to  be  reversible  (5" / ) . 


I VII  VIII 


The  molecule  of  Q pinene,  I,  has  two  definite  weak 
points  for  oxidizing  agents;  its  ethylene  linkage 
and  the  methylene  group  activated  by  the  ethylenic 
linkage.  This  methylene  group  is  in  the  2 position. 

Some  oxidizing  agents  as  permanganate  ozone 

(V7)  and  nitric  acid  (-y)  attack  the  ethylenic  linkage 
while  others  as  selenium  dioxide  att.  ck  the  methylene 
group  ( [$*f ) activated  by  the  ethyienic  linkage  forming 
alpha  unsaturated  alcohols  and  ketones. 

In  this  phase  of  the  investigation,  pinene  was 
oxidized  by  air  at  different  temperatures,  with  and 
without  catalyst,  and  the  oxidation  products  were 
identified  as  pinocarveol,  IX,  carvopineol,  X, 

Nopinone,  XI,  pinocarvone,  XII,  and  carvopinone  XIII. 
Carvopinone  and  carvopineol  are  rather  remarkable 
compounds  in  that  their  existence  is  contrary  to  the 
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Brendt  rule  ) which  states  that  a compound  having 
an  ethylenic  linkage  attached  to  a carbon  atom  that 
is  apart  of  a dicyclic  system  is  unstable  and  tends  to 
isomerize  to  a more  stable  form.  It  should  be  mentioned, 
however,  that  these  compounds  are  unstable  and  polymerize 
to  a white  solid  upon  standing. 
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Preparation  of  Beta  Pinene 


In  all  cases  pinene  was  obtained  by  the  fraction- 
ation of  commercial  material  (AV)  through  column  No. 

1,  described  in  chapter  I,  at  20  mm  pressure.  The  pressure 
was  controlled  by  a siuforic  acid  manostat  of  the  Hersh- 
berg-Hun tress  ty^e  (A?).  The  action  of  the  pump  on  the 
manostat  was  direct  and  the  column  was  connected  to  this 
system  through  a three  gallon  reservoir  containing  a 
small  inlet  and  outlet  so  that  the  mercury  in  the 
Zimmereii  gauge  attached  to  the  head  of  the  column  could 
be  seen  not  to  move.  The  gauge  cou^-d  be  read  to  the 
nearest  0.1  mm  of  mercury.  When  this  manometer  was 
calibrated  against  a Germann  (A/)  type  of  barometer, 
it  was  found  that  it  would  register  the  correct  pressure 
within  ± 0.2  mm. 

The  chief  impurity  in  commercial  e pinene  is 
* pinene  which  boils  about  8°  lower  at  20  mm.  The 
material  was  collected  at  a reflux  ratio  of  about 
30  : 1 until  the  pure  ; pinene  distilled.  Then  the 
reflux  ratio  was  reduced  to  about  15  • 1.  The  distillate 
having  constant  physical  properties  was  collected  and 
used  in  subsequent  oxidations. 

The  physical  constants  for  all  the  /9  pinene  used 
were  b.p.  59.3°  (20  mm),  n25D  1.4768,  d254  0.8666  and 


29 


(a^^D  -21.4°.  These  constants  are  in  close  agreement 
with  Palkin  and  coworkers  (V 0 i,  ^/)  and  Stailcup,  Fuguitt 
and  Hawkins  . Darmois  (lA)  points  out  that  pure 
Bpinene  has  t constant  specific  rotation  regardless  of 
its  source  of  - 22.44°  for  Hg^  light. 

Beta  pinene  is  rather  rapidly  attacked  by  air  on 
standing  (57).  To  verify  this  st£  tment  two  portions 
of  beta  pinene  of  about  200  cc  each  were  sealed  in  clear 
glass  ampules.  The  ampules  were  flushed  with  COg  gas 
before  sealing  and  one  ampule  set  aside  in  the  dark 
and  the  other  in  the  open  and  allowed  to  stand  for 
about  six  months.  At  the  end  of  this  time,  the  physical 
constants  of  the  Q pinene  had  not  changed.  No  difference 
in  the  physical  properties  couxd  be  noticed  after  distil- 
lation through  the  semimicro  column  No.  3 described 
in  chapter  I. 

Two  other  samples  were  kept  in  glass  stoppered 
bottles  and  were  examined  after  about  three  months. 

One  bottle,  which  was  filled  so  that  there  was  scarcely 
more  than  two  cc  of  air  space  showed  no  change  in  its 
physical  constants  while  the  other  sample  which  only 
about  half  filled  a glass  stoppered  bottle  had  a higher 
refractive  index,  a greater  density  and  a higher  op- 
tical rotation.  It  was  not  subjected  to  distillation. 


30. 


Air-Oxidation  Experiments 


At  room  temperature-  Air  dried  by  calcium  chloride 
was  bubbled  from  a glass  tube  4 mm  i.d.  at  a rate 
of  about  34  liters  per  hour  through  /?-pinene  at  room 
teaperature  (20°  - 28*)  for  sixty  days.  The  products 
were  identified  as  pinocarveol,  carvopineol,  pinocarvone, 
and  carvopinone.  A small  amount  of  nopinone  was 
detected.  Polymerisation  occurred  in  excess  of  70% 
of  reacted  /pinene.  The  polymer  was  pyrolyzed,  and 
molecular  weights  and  combustions  were  run.  No  acids 
ketones,  nor  alcohol  derivatives  could  be  formed. 

For  complete  data  see  table  VII,  11 

Silver  catalyst  at  elevated  temperature.-  The  silver 
catalyst  was  prepared  by  plating  silver  onto  a silver 
foil  5 x 15  cm  from  a 1.0  molar  silver  nitrate  bath  for 
30  minutes  at  6 volts.  The  foil  was  rinsed  and  then 
baked  at  140°  for  two  hours.  This  method  of  preparation 
produces  fineiy  divided  silver  that  readily  flakes  off 
the  foil  (3 ')• 

The  foix  was  cut  into  strips  about  2 mm  wide  and 
placed  in  the  beta  pinene  which  was  maintained  at 

o 

1004. 3 in  a thermostat  whose  temperature  was  controlled 
by  a Hershberg -Huntress  thermoregulator.  The 

entering  air  was  dried  by  calcium  chloride,  and  bubbled 
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from  a glass  tube  1 mm  i.d.  at  a rate  of  about  40 
liters  per  hour.  The  exit  air  passed  through  an  ice- 
water  cooled  reflux  condenser  and  an  ice  trap  at 
temperatures  below  -20°.  It  was  hoped  to  folxow  the 
reaction  rate  by  the  change  in  the  refractive  index 
and  optical  rotation  of  the  mixture.  However,  after 
a short  time  the  solution  was  so  colored  that  the 
rotation  could  not  be  observed.  Polymerisation  was 
in  excess  of  60 # of  0- pinene  reacted.  Nopinone, 
pinocarvone,  earvopinone  were  isolated  and  pinocarveol 
was  detected.  Several  cc  of  water  had  collected  in 
the  ice  trap  and  this  gave  an  aldehyde  test.  No 
aldehyde  cotud  be  separated  and  tne  postxve  test  was 
possibly  caused  by  a trace  of  formaldehyde  as  a 
byproduct  xn  the  oxidation  of  the  pinene  to  nopinone. 
These  data  are  listed  in  table  VII 7 P.4S 

Ceric  oxide  catalyst.-  Air  was  bubbled  through  pinene 
containing  0.2#  ceric  oxide  at  100  . The  apparatus 
was  the  same  as  described  above  and  the  experiments 
were  carried  out  under  the  sau.e  conditions.  Polymer- 
ization occurred  to  the  extent  of  about  80#  of  the 
reacted  /? -pinene.  pinocurvcne  and  earvopinone  were 
isolated.  The  results  are  given  in  table  VII. 
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fcanganous  Acetate  Catalyst .-  Air  was  bubbled,  through 
0- nene  containing  0.2#  manganous  acetate,  using  the 
sa  e apparatus  at  a temperature  of  85°.  70#  of  the 
reacted  ,<5pinene  polymerised,  pinocarvone  anu  carvo- 
^inone  were  isolated.  See  table  VII,  ^ ^ 

Cobalt  Acetate  in  Acetic  Acid. -0.2#  Cobalt  acetate 
was  added  to  equal  volumes  of  acetic  acid  and  beta 
pinene  and  air  bubbled  through  at  85°,  vising  the 
same  apparatus.  A small  amount  of  sodium  acetate  was 
auaed  in  the  ho^e  that  any  alcohol  that  formed  would 
be  esterified  by  the  acetic  acid.  It  has  been  found 
that  anhydrous  sodium  acetate  is  necessary  for  the 
esterification  of  the  secondary  and  tertiary  pxnene 
alcohols  (^4).  Polymerisation  occurred  to  the  extent 
of  50#  of  the  reacted  pinene.  Pinocarvone,  carvo- 
pinone  and  pinocarveol,  largely  as  its  acetate,  were 
isolated.  A small  amount  of  a high  boiling  acetate, 
probably  contained  some  carvopinly  acetate,  was 
fractionated  out,  for  when  xhis  acetate  was  hydrolyzed, 
a compound  was  obtaxned  by  fractionation  which  had 
properties  of  the  substance  which  was  later  identified 
as  carvopineol  (see  page  4 1 ) . Complete  data  are 
given  in  table  VII. 
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Separation  of  the  Oxidation  Mixture 


The  reaction  mixture  was  poured  into  a flask  having 
a thermometer  well,  and  the  unreacted  hydrocarbons 
were  fractionated  out.  The  column  used  was  either 
No.  3 or  No.  4 as  described  in  chapter  I,  and  the  pot 
temperature  was  not  allowed  to  exceed  78°,  The  hydro- 
carbons recovered  by  fractionation  at  20  ram  pressure 
included  small  amounts  of  «<  pmene,  epinene  and  in 
some  cases  small  amounts  of  dipentene. 

The  remaining  oils  were  steam  distilled  until  the 
distillate  was  dear. 

After  the  distillation  the  polymer  was  usually 
a sticky  solid  and  was  scraped  from  the  flask.  Water 
was  removed  from  it  by  warming  in  a high  vacuum. 

The  steam  volatile  oil  was  treated  with  either 
ethyl  borate  or  boric  anhydride  (y?)  and  refluxed  on 
the  steam  bath  for  two  hours.  At  the  end  of  this  time 
the  pressure  was  decreased  and  the  temperature  was 
increased  until  all  the  neutral  oils  were  distilled  over. 
The  neutral  oils  were  collected  in  a series  of  tra^s 
cooled  to  - 25°.  The  borate  ester  remaining  behind 
was  treated  with  sodium  carbonate  and  steam  distilled. 

The  distillate  was  extracted  twice  with  ether  and 
the  ether  evaporated  leaving  the  alcohols.  The 
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alcohols  were  separated  by  fractionation  through  column 
No.  4. 

The  neutral  oils  were  treated  with  about  twice 
their  volume  of  sodium  bisulfite  according  to  Schmidt 
. The  strength  of  the  bisulfite  solution  was 
335  grams  of  sodium  bisulfite  and  105  grams  of  sodium 
bicarbonate  in  1000- grams  of  water.  The  solution  was 
shaken  at  intervals  for  two  days  for  it  has  been  shown 
that  in  some  cases  the  bisulfite  additions  require  an 
induction  period  of  as  much  as  a day  or  two  . The 
mixture  was  extracted  twice  with  ether.  The  bisulfite 
solution  was  treated  with  sodium  carbonate  and  steam 
distilled  with  the  intermitten  addition  of  sodium  car- 
bonate until  the  runnings  were  clear.  The  ether  extract 
of  the  distillate  gave  pinocarvone.  To  the  aqueous 
portion  was  added  10  cc  of  6 N.  NaOH  (f7)  and  the 
steam  distillation  was  continued  until  the  distillate 
was  clear  after  further  additions  of  NaOH.  The  ether 
extract  of  this  distillate  was  carvopinone. 

The  ether  extract  of  the  bisulfite  solution  in 
several  cases  gave  small  amounts  of  nopinone,  along 
with  very  small  amounts  of  the  alcohols  and  ketones 
not  removed  by  the  previous  treatment. 

This  procedure  may  be  altered  by  treating  the 
oil  with  bis  ulfite  before  it  was  treated  with  the 
boric  anhydride.  Since  carvopinone  polymerizes  so 


35. 


easily  upon  heating,  it  should  be  possible  to  isolate 
more  carvopinone  from  the  mixture  by  treating  the  oil 
with  the  bisulfite  before  it  is  treated  with  the 
boric  anhydride. 

There  appeared  to  be  a great  loss  in  the  bisulfite 
purification  of  carvopinone,  so  10  g of  pure  carvo- 
pinone  were  treated  with  neutral  bisulfite  for  two 
days  and  the  resulting  addition  product  steam  dis- 
tilled from  sodium  carbonate.  An  ether  extract  left 
nothing  upon  evaporation.  The  steam  distillation  was 
continued  using  sodium  hydroxide  as  described  above. 

The  mixture  which  distilled  was  ether  extracted  and 
upon  evaporation  of  the  ether  only  5.5  g of  carvo- 
pinone remained.  Most  of  the  loss  of  carvopinone  is 
due  to  polymerisation.  Apparently  none  was  isomer ised 
to  pinocarvone.  Other  experiments  were  not  carried 
out,  but  the  yield  of  carvopinone  serins  to  defend 
on  the  time  re  uired  and  the  temperature  at  which 
the  bisulfite  extraction  is  made.  In  all  cases  the 
yield  does  not  exceed  60-70$. 


Identification  of  products 


The  .hydrocarbon  portion  was  fractionated  and 
the  dipentene  readily  separated.  Most  of  the  ^-pinene 
Alin  ^pixitne  were  obtained  by  farther  fractionation. 
The  cut  intermediate  between  these  two  was  considered 
to  be  made  up  only  of  <*-  pinene  and  pinene  and 
analyzed  bjt  the  application  of  Biot’s  rule  ( ). 

No  other  hydrocarbons  with  properties  in  this  range 
could  be  found.  Biot’s  rule  is; 

(a)n-(a)p. 

* = (a)'’ - 

where 


x is  the  mole  fraction  of  the  compound  in  question 

(a)Q  is  the  specific  rotation  of  the  mixture 

(a)^  is  the  specific  rotation  of  the  pure  compound 
in  question 

(a)  is  the  specific  rotation  of  the  other  pure 
* compound 

The  alpha  pinene  recovered  had  the  following 
constants,  b.p.  (20  mm)  51  - 52,  nc^D  1.4656.  The 
accepted  values  of  Fuguitt  Staiicup  and  Hawkins (5"£) 
are  b.p.  (20  mm)  51.6°  n25D  1.4631,  d254  0.8542. 

The  pinene  had  the  following  constants, 
b.p.  59.2° (20  mm)  n25D  1.4768  d25  0.8665,  which  check 
with  the  values  given  on  page  29. 

• © 

Dipentene  had  the  constants  b.p.  72-73  (20  mm) 

n25D  1.4705,  d254  0.8391.  Fuguitt  (/?)  observed  the 


Values  b.p.  52*  (10  mm),  n2**D  1.4702,  d*^4  0.8387 
(a)25D  -4.60?  A tetra  bromide  was  also  maae  by  aauing 
slowly  6 cc  of  bromine  to  7 g of  dipentene  dissolved 
in  50  cc  of  glacial  acetic  acid.  The  crystals  which 
formed  after  two  days  were  filtered  ana  dried.  After 
recrystalization  from  methyl  aicohoi  the  crystals 

o » 

were  dried  on  a ciay  plate.  They  melted  at  124-125.5  . 
Waixacn  (49)  reporteu  125?  Goidblatt  ud  palkin  (iS) 
reported  124.5-125.5°. 

Neutral  Oils 

pinocarveol:  When  purified  through  the  borate  ester 
aiid  fractionated  this  compound  had  the  following 
constants,  b.p.  76-80  (3-4  mm),  b.p.  86-87  (8  mm) 

_ o \ q Oft 

b.p.  100*101  (20  mm)  b.p.  20b  (760  mm)  n^  D x.4o80 

(a)25D  65.5°  d254  0.877  MD  Calc  (2z)  45.52  found 

45.72.  Staii-cup  ana  Hawkins  (f£)  report  the  following 

25 

values  for  pinocarveol  b.p.  78-80° (3-4  mm)  n D 1.4880 
25  o 

(a)  D 65.5  0.876.  This  pinocarveol  solidified  at 

about  5°.  Schmidt  reported  a thaw  point  of  7°  for 
pinocarveol  purif  iea  through  the  phenyiurethane  (**&) . 

Pinocarveol  phenyltir ethane  was  prepared  according 
to  Schmidt  (4&) . Equi valent s of  the  pinocarveol  and 
phenyl  isocyanate  were  mixeu  and  axlowed  to  stand  for 
two  aays.  The  crystals  of  the  urethane  were  removed 
by  suction  and  recry stalized  from  petroleum  ether.  The 
melting  point  was  88-89°.  Palkin  and  Joshel  report 


8£-  06°  (V-2).  Schmidt  (9?)  reported  88-90°.  Stallcu* 
and  Hawkins  reported  86-89°  (s^)  • 

Pinocarvyl  acetate,  when  prepared  in  the  manner 
described  above  and  fractionated  had  the  following 
constants  b.p.  89-90°  (3  mm),  b.p.  225°  (760),  n2°D 
1.4762,  d^54  0.994,  (a)25D  - 20°.  Saponification 
number,  calculated  194.26,  found  193  or  99.4$.  Schmidt 
reported  b.p.  227-8,  d2^  0.997,  (a)^^D  i-  15.8°  for  the 
d-isomer  (Vf).  Stalicu^  and  Hawkins  (r^)  reported  b.p. 
88-a0°  (2-3  mm),  n25D  x.4750,  d254  0.991,  (a)25D  - 38°. 

Plnocarvone-  When  purified  through  the  bisulfite 

it  had  the  following  constants,  b.p.  75-78°  (3  mm),  b.p. 
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88-89°  (8  am),  b.p.  222-223  (760  mm),  d ~4  0.988, 

(a)25D  - 16°,  n25D  1.5019.  calculated  44.83,  found 
44.86.  Schmidt  (9$)  gives  the  following  constants,  b.p. 
222-223°  (760  mm),  d*°  0.9881,  nE0D  1.50373,  (a)  + 13  to 
- 15°.  Stallcup  and  Hawkins  (^reported  b.p.  75-78° 

(3  mm),  d304  0.980,  (a)30D  - 16.5°,  nS0D  1.5000. 

Pinocarvonoxime-  This  compound  was  prepared  by  the 
method  of  Beckman  (£  ).  One  gram  of  the  hydroxylamine 
hydrochloride  was  dissolved  in  5 cc  of  water.  Sodium 
bicarbonate  was  then  added  until  evolution  of  carbon 
dioxide  ceased.  This  solution  was  then  shaken  with 
one  gram  of  csrvopinone  in  three  cc  methanol.  After 
standing  for  two  days  the  oxime  was  removed  by  filtration. 
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On  recryst&llization  from  dilute  ethanol,  fine  needles 
were  obtained  which  melted  at  68-68. 5° (Corr . ) . Schmidt 
(Vp)  reported  68-69°.  Stallcup  and  Hawkins  reported 
68-68.5°  (s-y). 

Pinocarvone  Seraicarbazone-  A saturated  aueous 
solution  of  semic&rbazide  hydrochloride  and  sodium 
acetate  was  prepared.  10  cc  of  this  solution  was  added 
to  e.  solution  of  pinocarvone  in  methyl  alcohol.  The 
semicarbazone  precipitated  almost  immediately  and  the 
needles  after  recrystallizstion  from  dilute  methyl 
alcohol  melted  at  212-213°  (corr.).  Schmidt  (^<2), 
reported  212-215°.  Stallcup  and  Hawkins  reported 
218-212°  (fY). 

Pinocarvone  2,4- Dinitrophenylhydrazone-  2 grams 
of  pinocarvone  were  added  to  100  cc  of  an  alcoholic 
solution  of  £ grams  of  2,4-dinitrophenylhydrazine  (5V?) 
and  the  solution  brought  to  boil.  2 cc  of  concentrated 
HC1  were  added.  The  2,4-dinitrophenylhydrazone  formed 
immediately.  After  boiling  for  three  minutes  the  crystals 
were  filtered  out,  dried  and  recry staliized  from  ethanol. 
They  melted  at  222-223°  (corr.).  Stallcup  and  Hawkins 
reported  223-223. 5°  (5J$  . 

Carvopinone-  This  compound  has  the  following 
constants  when  purified  through  the  bisulfite  addition 
product,  b.p.  82-84°  (3  mm),  d^°4  0.980,  (a)  D 62.0°, 
n25D  1.4935.  1£d  calculated  44.83  (£$  found  44.70. 
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Stallcup  and  Hawkins  reported  82-84°  (3  mm),  d^u4  0.973, 
(a)owD  62.7°,  nS0D  1.4910.  Waliach  and  Englebrecht  (&f) 
reported  an  oil  with  a b.p.  95-96°  (12  mm). 

When  carvopinone  is  exposed  to  the  air  at  room 
temperature,  it  sxowly  turns  yellow  and  forms  a white 
solid  polymer  insoluble  in  the  common  solvents.  When 
carvopinone  is  freshxy  distilled  and  sealed  under  C0g 
gas  it  seems  to  keep  much  better  but  gradually  polymerizes. 

Carvopinoxime-  This  compound  was  prepared  by  the 
mec-hod  of  Beckman  ( & ) end  after  recrystalxization 
from  aqueous  methanol  melted  at  131-133°  (Corr.). 

Waliach  ((>V)  reported  132°.  stallcup  and  Hawkins 
reported  131-133°  (3^). 

Carvopinone  Semicarbazone-  This  compound  was 
prepared  by  the  method  of  Schmidt  (VP).  This  required 
two  or  more  days  for  the  semicarbazone  to  form.  After 
recrystallization  from  aqueous  methanol  the  crystals 
did  not  melt  below  300°  as  recorded  by  Waliach  and 
Englebrecht  (6/). 

Carvopineol-  When  this  compound  was  separated 
from  the  borate  ester  it  had  the  following  constants, 
b.p.  950  (3  mm),  b.p.  112°  (20  mm),  (a)25D  - 31.5°, 
n2^D  1.4959,  d*^  0.972.  Analytical;  Carbon  found  78.51 
calculated  78.89,  Hydrogen  found  10.49,  calculated 

10.59.  Carvopineol  is  C,  _H1Z!0. 

10  16 
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Carvo>inyi  Jr  h«iajriur«t..atui : fhis  its  ^r«t>«r«4 

Jay  uixin#  e . uie^leuta  of  the  alcohol  eith  j*ftenyi- 
isoeyan&te.  The  alcohol  a*ljy..r&t4-s  very  easily  £or 
vhe  first  attfca.,  is  guv®  the  phenyl  isocyan*  tea » 
hydration  product,  di.-.enyx  urea.  After  sev  ral 

v 

attests  a ure  tfe  ue  e&s  obtained  that  melted  at 

7 - 0 .■..•;■■  .V.:.,  . fivitfi  imi  si  cm«  ••• 

100) • Father  rec/ystal^ia.atioas  did  sot  (du««  its 
salting  point.  Analytic.*!  for  C&rb-a 

found  74.»,  nsleui  ted  70.4.  Hydrogen  found  ?.o4, 
calculated  8,01.  Attempts  to  fora  the  ofaapthju- 
urethane,  d,5  dJnltr  obento  te  and  the  £ aitro- 
phth&l&te  fc.ii.ed. 

Moumcna:  this  compound  w.ea  fractiviuted  fr  a 

the  remtining  neutral  oils  fad  -he  constants  b»y* 

8CMJ2*  (8  an),  d**4  0.000,  U^D  1.430ft,  (e)2*X>  It. 7°. 
Dueling  (30)  found  b«y.  S0d9  d^  0*ttl  n®^*2D  i.4?a7 

t,  ; - .•  " ....  • . . i • vt  o . 

Tala  oil  did  not  solidify  at  -*•/  *ed  ffetctly  contained 
a a ur  il  amount  of  ^BourvOMi  too  the  amount  of  Uu» 
impurity  *&s  snail  since  these  constants  are  close  to 
those  of  Dueling, 

*o,incme  Sedicurbesont:  6 grans  of  saelo.r haiide 

hydrochloride  .nd  w g of  sodium  acetate  were  dissolved 
in  SO  ce  of  ..£tr,  1 ©c  of  the  set  ne  in  ID  cc  of 


nethanoi  was  added  asd  allowed  to  stand  for  two 
Ttoe  crystal#  ««r«  removed  by  filtration  &na  when 
reorystaliixed  twice  frcn  aqaoeus  s*atnsnoi  ®«ited  at 
Boyer  snu  Viiii&er  who  first  re*,  or  ted  the 
seaac.rh  . a©  e*«r  . ■ _ id^\ 

ioL  .Ji.  ^-lyffior t In  si-.  oesea  t.  « a* teat 
of  ^oiyeerlza  tion  is  high  in  the  air  oald&tie®  of  Beta 
y inane.  feoivcui,  r weight  OeteralnoU  ns  guee  results 
oi  o5o  to  i05Q.  The  greater  the  tenders  wre  ana 
ti&«  of  oxidation  the  feigner  w&a  t .«  eoiecui or  weight. 

Ihon  t*  is  yo-y,  r la  destructively  distilled  at 
ateeaj&arla  yreestwro,  in  the  , reseace  of  ir,  a 
•Pina  Oil*  la  obtained,  its  boiling  range  la  m* 
to  irith  no  definite  fractions.  f t first  fre cti-.ua 
are  fight  straw  tolar  and  the  end  fr&etleae  re 
darker  bro^n  or  red  in  color.  Proa  afe.ut  4^  grena  of 
rolyoer  26  grous  of  oil  was  obtained,  Whtn  this 
26  grans  of  oil  was  fractionated  through  oolu&n 
^o.  4|  -esenbea  in  Chapter  1,  at  i0  we  i».  assure  the 
following  fractions  were  obtained. 


Fraction 

height 

b.y.(lo  u*G) 

n&Sj) 

1 1 

i.O  g 

6:-75" 

i.4u4o 

£ 

2.0 

76-66 ° 

1.4O00 

6 

6.0 

66-i0l‘ 

1.4066 

4. 

x.5 

- a*-i, 

i.4hhl 

1. 

1.7 

lii-i.  i° 

1.4684 
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Fraction 

Weight 

b.r.(iO  &a) 

n**D 

6 

1*6  g 

i.5u28 

7 

2.7 

; ° 

1.5050 

8 

5.0 

10.-.  ’ 

1.5*00 

8 

10 

£.0 

6.0 

...  - 

(residue) 

1.5210 

Attempts  to  fore  alcohol  teriy&Uvw  bad  ketone 
dttiwtifw  were  net  successful.  No  acids  aouxd  bo 
detected.  It  Is  true  however,  that  no  derivatives 
of  the  terrene  alcohols  or  ketones  «Ui  . reeipltste 
~i  tuey  r.  . i re  , 

Data  on  the  combustion  of  fracti  n 5 gave  c 
7l.a;t  end  H 8«UU  the  coabusti  n or  fraction  8 g.  ve 
C 64*4$,  S 4.5$.  These  restuts  show  that  csyge a is 
a constituent  of  the  *o Ijrfeer. 

Saddles  of  feigner  of  50  g each  ere  sealed  in 
gi.ss  tubes  fend  he  ted  in  autoclaves  for  different 
lengths  of  time  and  at  various  tender  - turns  fr os 
m“  for  sis.  hours  to  550°  for  72  hours.  The  sesple 
heated  for  5 hours  it  27ft’  gave  25  ec  of  a gas  that 
burns  with  s characteristic  hydrogen  flaae  and  6 cc 
of  w.  ter  and  e harder  ^signer,  which  u*en  destructive 
dlstill&ticn  at  v tnos^herle  pressure  u ve  i t *t  5oif 
yield  of  an  oil  with  the  boiling  range  275-575° . 

1.5075,  d^d  1.015,  Viscosity  .201  poise,  Surf,  ee 
tension  5o  dynes/cau.  Other  tubes  were  similar.  The 
tube  heated  to  550°  for  72  hours  *.  ve  10  ee  eater. 


45  co  gas,  mostly  hydrogen,  and  a charred  polymer,  which 
Uyon  destructive  distillation  gave  little  oil  under  375°. 
Attempts  to  heat  the  polymer  higher  or  longer  caused  the 
pyre*  tubes  to  explode* 

Destructive  distillation  or  the  polymer  at  atmos- 
pheric .res sure  gave  an  oil  with  the  boiling  r nge  of 
250-375°,  n^D  i.4980,  d254  0.991,  Viscosity  at  30° 

0*101  poise,  surface  tension  at  30°  32  dynes/cm. 

The  polymer  was  destructively  distilled  in  a high 
vacuum  ( 2 mm)*  The  oil  had  a boiling  rang©  of  200-375° 
at  atmospheric  pressure.  The  yield  was  greater,  being 
about  75#  of  ,he  polymer.  n25D  1.4023,  d254  0.986, 
Viscosity*0  0.186  poise,  surface  tension^0  31  dynes/cm. 

Discussion 

The  methylene  group,  in  the  position  2 of  the 
molecule  of  plnene  is  activated  by  the  ethyienic 
linkage.  This  methylene  group  is  attacked  by  air, 
with  and  without  catalyst,  to  form  unsaturated  alcohols 
and  ketones.  At  the  lower  temper  tures  ^he  ethyienic 
linkage  was  attacked  to  form  nopinone. 


Pinene  Nopinone 


45 


The  formation  of  the  newly  described  carvopineol 
led  to  the  speculation  as  to  whether  it  was  an  intermediate 
in  the  oxidation  of  beta  pinene  to  csrvopinone.  Some 
light  could  be  thrown  on  this  question  by  oxidizing 
carvopineol  with  an  oxidizing  agent  that  does  not  attack 
ethylenic  linkages.  It  has  been  shown  that  selenium 
dioxide  generally  attacks  a methylene  group,  or  methyl 
group,  activated  by  an  ethylenic  linkage  (f 4) . Hence 
the  following  experiment  was  carried  out.  2 grams 
of  carvopineol  was  treated  with  0.5  g of  ^ure  selenium 
dioxide  in  10  cc  ethanol  and  refluxed  for  two  hours. 

The  mixture  was  steam  distilled  and  treated  with  bisulfite 
solution.  Ether  extraction  of  the  bisulfite  solution 
gave  only  ethanol.  When  the  bisulfite  was  made  alkaline 
with  sodium  carbons  te,  followed  by  steam  distillation, 
no  oil  was  detectable.  The  addition  of  sodium  hydroxide, 
followed  by  steam  distillation,  gave  an  oil  with  the  odor 
of  carvopinone.  Ether  extraction  gave  less  than  0.3 
gram  of  oil.  It  was  identified  as  carvopinone  by  its 
oxime.  The  constants  closely  checked  those  previously 
given. 

14  g of  pinocarveol  were  dissolved  in  75  cc 
ethanol  in  a flask  equipped  with  a mechanical  stirrer 
and  reflux  condenser.  5 g of  selenium  dioxide  were 
slowly  added  and  refluxed  three  hours.  The  mixture 
was  gteam  distilled  and  gave  8 grams  of  oil.  The 
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oil  was  treated  with  neutral  bisulfite  and  ether 
extracted.  No  oils  were  obtained.  The  bisulfite 
gave  0.4  g of  pinocarvone  and  3 g of  carvopinone. 

Obviously,  carvopineol  is  not  necessarily  an 
intermediate  in  the  formation  of  carvopinone.  However 
the  ability  to  oxidize  the  described  carvopineol  to  car- 
vopinone is  offered  as  evidence  of  the  structure  of 
the  alcohol. 

Both  carvopinone  and  pinocarvone  are  unstable 
and  polymerize  a t room  temperature.  The  rate  is  greatly 
accelerated  at  higher  tempera  tures.  When  beta  pinene 
is  oxidized  in  an  esterifying  medium  the  pinocarvyi 
acetate  is  the  main  product  and  there  is  a sharp  decrease 
in  the  amount  of  polymer.  Since  both  pinocarvone  and 
carvopinone  were  identified  in  the  esterified  media, 
it  seems  that  the  polymerization  occurs  from  these  two 
substances.  When  this  polymer  is  pyrolyzed,  it  dis- 
integrates into  a complex  system  of  molecules.  No 
fraction  could  be  obta  ined  as  a pure  compound  and  no 
derivatives  of  alcohols,  aldehydes,  ketones  or  acids 
could  be  formed. 

Since  the  yield  of  polymer  is  high,  efforts 
have  been  made  to  find  a use  for  it  or  its  thermal 
decomposition  products.  The  boiling  range,  viscosity, 
density,  surface  tension,  and  other  physical  constants 
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are  given  in  view  oi  ohe  fact,  that  these  constants 
are  used  to  determine  a compound’s  usefulness  in 
flotation  processes  or  as  a plasticizer. 
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Data  on  tha  Air  Oxidation  of  Beta  Pinene 
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the  Air  Oxidation  of  Beta  pinene 
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Summary 


Beta  pinene  was  oxidised  with  and  without  catalyst 
and  the  products  v/ere  pinocarveol,  pinocarvone,  nopinone, 
carvopinone,  and  carvopineol.  Carvopineol  is  a newly 
described  compound.  The  yields  of  these  were  small 
and  polymerisation  is  excessive.  The  large  decrease 
in  polymerization  when  oxidation  takes  place  in  an 
esterifying  medium  seems  to  indicate  that  the  poly- 
merization  is  from  the  pinocarvone  and  the  carvo- 
pinone  formed.  The  polymer  was  destructively  distilled 
and  the  product  shown  to  be  a complex  mixture  of 
oxygenated  compounds.  physical  constants  are  quoted 
on  the  oils  obtained  by  this  destructive  distillation. 
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Chapter  III 


ELECTROLYTIC  OXIDATION  OF  PINENE 
Introduction 

A review  of  the  literature  showed  that  only  two 
reference  are  given  on  the  electrolytic  oxidation  of 
pinene  or  turpentine.  Renard  (f/f)  oxidized  turpentine 
at  a lead  dioxide  anode  and  obtained  p-cymene,  an 
alcohol,  b.p.  210-214° , a sulfonic  acid  C^gHg^O^ 
terpin  hydrate  and  a resin.  About  sixty  years  later 
Fichter  end  Schetty  (/7)  repeated  the  experiments  using 
pinene  b.p.  155-159°,  (a)  34°  in  a dilute  sulfuric 

acid  emulsion  with  e lead  dioxide  anode  and  obtained 
P-cymene,  dipentene,  cineol,  terpineol,  terpin  hydrate, 
terebic  acid  and  a resin. 

It  seemed  advisabxe  to  repeat  these  experiments 
using  pure  substances  and  recording  other  available 
physical  constants,  and  in  addition  to  determine  just 
how  much  reaction  was  due  to  hydration  and  how  much 
to  oxidation. 

In  addition  it  should  be  possible  to  isolate  different 
oxidation  products  when  pinene  is  oxidized  in  different 
media  and  at  different  anodes. 

Oxidation  is  the  decrease  of  electrons  in  the 
atom,  hence  if  at  the  anode 
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CH4  » C(s)  + 4H*  + 4e 

then  the  methane  is  oxidized.  From  free  energy  con- 
siderations the  reversible  potential  wouxd  be  - 0.13 
volts  when  the  hydrogen  ion  is  at  unit  activity,  as 
shown  by  theoretical  considerations  on  page  64. 

However  when  hydrocarbons  are  placed  in  a ceil 
the  resistance  of  the  cell  is  so  great  that  a conductor 
of  electricity  must  be  present.  The  only  way  so  far 
devised  is  by  the  emulsion  of  the  organic  compound  in 
water  containing  an  electrolyte. 

When  a potential  of  less  than  that  required  to 
decompose  water  is  applyed  to  such  an  emulsion  no 
appreciable  current  flows  End  if  oxidation  occurs 
it  is  at  such  a siow  rate  that  no  oxidation  is  observed 
in  any  reasonable  length  .of  time.  Thus  it  appears 
that  some  form  of  oxide  must  be  formed  with  an  energy 
high  enough  to  overcome  the  organic  compound's  reversible 
oxidation  potential,  end  to  supply  its  energy  of  acti- 
vation. 

Unfortunately  little  is  known  of  the  science  of 
kinetics  end  of  energies  of  activation.  Actual  rever- 
sible potentials  of  organic  compounds  would  occur  at  an 
infinitely  slow  rate  of  reaction.  In  these  experiments 
oxidation  is  observed  only  at  potentials  that  are  very 
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much  greater  than  the  theoretical  values.  In  this 
study  different  anode  potentials  have  been  applied 
in  different  media  containing  the  emulsified  organic 
compound,  and  the  products  isolated  and  identified. 

While  it  is  realized  that  this  is  advancing  an 
art  rather  than  a science,  a theoretical  background 
is  given  30  that  empirical  facts  can  be  compared  with 
the  theoretical.  The  author  hopes  that  at  some  future 
date  the  data  here  recorded  may  be  used  to  help  corre- 
late empirical  facts  with  reversible  oxidation  potentials 
of  organic  compounds  and  energies  of  activation.  A 
thorough  study  of  products  formed  at  certain  potentials 
in  different  media  and  different  anodes  should  reveal 
catalytic  effects  that  reduce  energies  of  activation 
so  that  oxidation  occurrs  at  potentials  that  approach 
theoretically  calculated  ones. 

Thus  the  purpose  of  these  experiments  are  two- 
fold: (1)  To  critically  reexamine  previous  experiments 
as  to  products  formed  and  (2)  to  record  as  much  physical 
data  as  possible  concerning  each  experiment  so  th.  t 
at  some  future  date  it  may  be  of  some  help  in  correlating 
empirical  facts  and  theoretical  considerations. 
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Fundamentals  of  Electrolytic  Processes 


The  passage  of  an  electric  current  through  an 
aqueous  solution  results,  in  general,  in  the  liberation 
ol  oxygen  at  the  postive  electrode,  or  anode,  and 
hydrogen  at  the  negative  electrode  or  cathode. 

Therei ore,  electricity  can  be  regarded  as  an  oxidizing 
or  reducing  agent  under  appropirate  conditions. 

Although  Faraday  ( IS ) contributed  a large  number  of 
experimental  observations  to  the  subject  of  electro- 
lytic oxidation  and  reduction  of  organic  compounds, 
his  work  along  this  line  was  only  empirical  and  it 
was  Kolbe  (x8)  who  laid  the  foundation  of  the  modern 
work  on  electrolytic  oxidation  and  reduction.  Kolbe 
stated  that  anodic  oxygen  is  "One  of  the  most  valuable 
of  oxidizing  agents  which  is  at  the  disposal  of  the 
chemist  since  its  intensity  may  be  varied,  either  by 
concentrating  and  heating  the  liquid  or  by  increasing 
or  diminishing  the  number  of  elements  producing 
the  electrical  current." 

Exec tricity  makes  available  a clean  and  controll- 
able method  of  bringing  about  oxidation  and  reduction, 
and  even  halogenation  and  the  introduction  of  various 
groups  into  organic  molecules.  It  is  unnecessary  to 
add  special  chemical  reagents,  from  which  the  products 
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of  the  reaction  must  subsequently  be  separated,  and  the 
possibility  of  widely  altering  the  nature  of  the  process 
by  varying  the  operating  conditions,  are  advantages  of 
the  electrolytic  method. 

Mechanism  of  the  Reaction 

There  are  usually  considered  three  mechanisms 
of  anodic  oxidation.  Glass  tone  and  Hickung  (gZj) 
postulate  the  hydrogen  peroxide  theory. 

OH"  - OH  -r  e 
20H  = HgOg 

Latimer  (3£)  states  the  metallic  peroxide  theory  is 
just  as  plausible. 

M0g  t OH-  i MOH  t 0g  t e or 
M(OH)g  -f  0H“  z MOH  + HgOg  + e 
Walker  and  Weiss  (<££)  postulate  the  direct  formation  of 
molecular  oxygen. 

OH”  r OH  t e 
20H  = H£0  4 0 

Probably  no  one  mechanism  can  be  given  to  include 
ail  types  of  electrodes  and  electrolytes. 

Most  organic  anodic  oxidations  are  not  reversible  and 
their  reversible  oxidation  potentials  cannot  be  measured. 
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Very  little  is  known  of  the  kinetics  of  these  reactions 
or  of  their  energies  of  activation.  The  general 
direction  or  the  ability  of  a reaction  to  take  place 
may  be  determined  by  solving  for  its  reversible  ox- 
idation' potential  from  free  energy  data. 


Wmax  = P V 


Pdv 


max  - 

and  for  a perfect  gas,  PV  = RT  for  one  mol. 
so  ^ RT 


"max 


dV  unci,  for  p perfect  gas 


‘ta&x  “ dp  anu  upon  ^.uoegrating 


W„ z RTinJ-i,  for  1 mole  of  gas 

max  n 

Vf  I nRTln  Lk  for  any  Wo.  moles  of  gas 
max  ps 

and  since  partial  pressures  are  analogous  to  concentration, 
and  for  an  isothermal  reaction 


F z aRTln  5L  . 
a2 

In  any  reversible  reaction 

aA  + bB  - cC  -f  dD 

and  a^,  a^,  &c,  correspond  to  the  activity  of  the 

components  A,  B,  C,  and  D in  equilibrium  at  constant 
temperature 
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If  the  activity  is  changed  to  &»  then  there  is 
a shift  in  the  equilibrium  and  the  change  in  free 


energy  is  given  by 


I 


0. 

F,  = aRTln..  .A  . where  a*  is  the  new  activity. 
1 a* . 


Similarly : 

Fg  . bBTin-|f 

h - 0BTlD-^ 

F4  = dRTi-n— ™ 
* a»T 


B 


or 'the  change  in  free  energy  for  the  reaction  is 


F = 


Ff  * 


FS  + F. 


F = aRTin 


a» 


bRTln- 


aB 


a» 


4 


+ cRTln- 


a» 


C 


B 


F = -RTin- 


bqc  x &Y)d 
a^a  x a^b 


RTin- 


EC 

a'r>C  X 


a*rj 

dRTin 


a' 


a»^a  x a»gb 


The  last  term  represents  any  activity  while  the  former 
represents  the  activity  at  equilibrium  and  is  defined 


as  the  equilibrium  constant,  Ka.  Then 

a » p c x a t pd 


F = - RTln  K + HTln- 

& r,A&  x a,Bb 


(1) 


And  from  thermodynamic  relations* 


* The  terms  used  here  are  those  of  Lewis  and  Randall 
"Thermodynamics  and  the  Free  Energy  of  ChemxCdl  Substances”, 
McGraw  Hill,  1925. 
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AF  = aA.  +■  a(pV)  = ae  - A (IS)  + (fV) 

From  the  first  law  E = q - W - q -pay  - We 

A F = q—  p A V — W - a(TS)  + a(PV) 

Differentiating 


JF-dq  -pdY  -We  -TdS  -SdT + PdV  + VdP 
ana  for  a reversible  process 
dq  = TdS 

d F = -SdT  +■  VdP  -W 

e 

and  at  constant  temperature  and  pressure 

AF  - -nSF 


a ■ - ' t i u W-  is  defined  . a BID 


substituting  equation  2 in  equation  i 

* = 1m,  - Ste  ?’-<£  xa,ed 


nF 


a,A8  x a,Ba 


(2) 


(5) 


and  when  the  reaction  is  so  pianned  that  the  reactants 
start  at  unit  activity  and  the  final  products  are  at 
unit  activity  then. 


-AF  : RTinK 


a 


so 


E-^nKa 


(4) 


and  substituting  equation  4 into  equation  3 

RT  a»C°x  a*Dci 
E - E°  — “rTFr  in  “ 

a», ax  a»-b 


(5) 
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Where  E°  the  potential  then  the  activities  of  the 

products  and  reactants  are  at  unit  activity. 

n is  the  No.  of  Faradays  involved  in  the  reaction 
as  written. 

F is  one  Faraday  or  96,496  coulombs. 

R is  the  gas  constant 

T is  the  temperature  in  degrees  absolute. 

It  can  be  seen  that  if  the  free  energy  change  is 
known,  equation  2 can  be  used  to  calculate  the 
theoretical  oxidation  potential.  If  the  concentration 
of  reactants  and  products  is  known  at  equilibrium, 
equation  5 can  be  used  to  calculate  the  potential. 

In  most  organic  work  the  reactions  are  not  reversible 
so  the  theoretical  potentials  are  calculated  from 
free  energy  data. 

The  free  energy  of  the  elements  in  the  standard 
states  is  taken  as  zero.  The  standard  state  of  the 
elements  is  taken  as  their  most  stable  form  at  25° 
and  1 atmosphere  of  pressure.  The  standard  state 
of  the  hydrogen  ion  is  taken  at  an  activity  of  1 
rnolal.  For  the  succeeding  calculations,  all  acid 
solutions  are  considered  as  1 molal  and  basic 
solutions  as  1 molal. 

The  free  energy  data  for  inorganic  compounds 

are  from  Latimer  (32) . The  free  energy  data  for 
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Organic  compounds  are  from  perks  and  Huffman  (yj). 

From  the  free  energy  of  atomic  oxygen  (55025  cal) 
and  the  free  energy  of  water  (-56,690  cai)  one  calculates 
lor  the  oxidation  of  wator  to  at  mic  oxygen 


h2°(1)  = 0(g)  + 2H+  + 2e 


The  high  negative  value  for  the  potential  indie  tes 
the  dilficuity  in  the  oxidation  of  v.&ter  with  the 
formation  of  atomic  oxygen  as  an  intermediate  step. 

From  free  energy  data,  one  calculates  for  the 
water-hydrogen  peroxide  couple  in  acid  solution 

2H2°(1)  = H2°2(aq)+  2H+  + 

E°  " - (1(1^66)  * - 70lts 
since  the  free  energy  of  H20g(aq)  is  - 31,470  cal.(yj). 

Latimer  (3£)  states  that  the  assumption  is  fre  uentiy 

made  that  the  first  ana  rate  deteralning  reaction  is 

Off*  = OH  + e. 

If  this  is  the  case  because  of  its  lower  oxidation 
potential,  hydrogen  peroxide  would  be  formed,  and  the 
oxygen  then  formed  by  the  catalytic  decomposition  of 
hydrogen  peroxide. 

2H£0g  * 2HgO  + Og 

Even  tho  reversible  equilibria  cannot  be  attained 

s 

at  room  temperature  for  most  organic  compounds,  the 
potentials  for  the  various  steps  in  the  oxidation  of 
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the  hydrocarbons  are  of  considerable  interest.  These 
i-otentiais  are  worked  out  from  the  free  energy  data 
of  Parks  and  Huffman  (^3).  In  the  oxiuation  of 
methane  the  following  reactions  take  ylace  in  a 1 M 
acid  solution. 


H20  (1)+-  CH4(g)  -#  CHgOH(aq)+  2H  *•  2e 

E° 

-0.58  volt 

CH30H(S  )-^  HCH0(acj2HV  2e 

E° 

-0.24 

H20(± y HCHO  (aq)'*’  HC00H(„q)-  2HV  2e 

E° 

0.01 

HC00H(aq)-^  C02(g)  «-  2Er f 2e 

E° 

0.14 

While  the  following  represent  the  reaction  in  a 1 M 
basic  solution. 


£Otf(aq)i-  CH4(g)— ► CHgOH^qjTfeO  r 2e  E°  0.25  volt 
20H(aCi)  * CHsOH(ac  y4  HCHO 2HgO  t2e  E°  0.59 
HCH0(aq)*  SpH^aq)-^  HC00H(p:^2Hs0  2e  E°  1*14 


30HT  . + HC0C“  -r**  CO  ^7  . + 2Ho0+2e  *°  0.95 

(aq)  (aq)  3(aq)  2 

The  E0,s  have  been  calculated  from  the  following 

free  energy  data  of  Parks  and  Huffman  (4&)  and  the 

equation 


E°  - 


uf 


nF 
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Material 


F (at  25°) 


CH4(g) 

-12,200 

CR50H(aq) 

-42,110 

H0H0(aq) 

-31,020 

C°2(g) 

-94,450 

HC00H(a(1) 

—88,110 

C03(aq) 

-126,390 

HC00(aq) 

-83,000 

H2°(l) 

-56,690 

H (1  M) 

6 

oin 

(aq) 

-37,585 

A number  of  important  free  energy  relations 
should  be  notea.  Formaldehyde  is  unstable  with 
respect  to  the  formation  ol  glucose 

6HCH0 (aq) — * C6H12°6  * P°  - 50,900  Cal. 

This  reaction  appears  to  be  a step  in  the  synthesis  of 
cellulose  in  plants.  Formaldehyde  is  also  tins  table 
with  respect  to  its  decomposition  into  carbon  and  water 
— ■*  C t-  HgO  - 25,670  Cal. 

but  there  appears  no  evidence  that  this  reaction 
occurs. 

From  free  energy  eonsiueration,  formaldehyde 
should  oxidize  and  reduce  itself. 


63 


2HCH0  — * HCOOCHgr-I^O  ^P°  - 69,luG  Cal 


Experimentally  this  reaction  goes  siowly  with  the 
formation  of  methyl  formate. 

It  must  be  noted  in  comparing  thermodynamic 
predictions  with  actual  experiments,  the  thermody- 
namics on..y  states  the  possibility  of  the  reaction,  and 
not  how  rabidly  it  may  take  place.  Unfortunately 
the  unknown  factors  of  kinetics  and  energy  of  activation 
are  often  the  controlling  factors  in  these  reactions. 

For  exazapxe:  Judging  merely  from  the  free  energies, 

one  would  conclude  that  carbon  was  a fairiy  good 
oxidizing  agent. 


However  in  view  of  the  high  energy  of  the  C-C  bond 
in  solias  it  is  not  suprising  that  the  activation 
energy  is  so  large  that  even  at  high  over  voltages, 
carbon  cannot  be  reduced  to  methane.  Over  voltage 
is  defined  as  the  difference  in  potential  of  an 
electrode  at  which  a gas  is  being  evolved  by  electrolysis 
at  a definite  current  density  and  the  reversible 
potential  in  xhe  same  electrolyte. 

Thermodynamically  carbon  is  stable  with  respect 
to  hydrolysis 


Tills  postive  free  energy  is  not  large,  and  except  for 


cH4Ur  coo ' 4H^  4e 


E°  - G.iS  volts 


•4g|  6750 
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the  activation  energy,  appreciable  partial  pressures 
of  the  gaseous  products  would  be  obtained,  as  shown 
by  the  equation 

- AF°  — RTlnK 

P 

and  since  the  pressure  of  water  and  solid  carbon  at 
25°  is  constant  K becomes 

Kp  =.  pC02  at  pCH4 

- 6750  = (1.99) (298)  ln(pC02  x pCH4) 

so  the  pressure  of  CO^  and  CH4  at  equilibrium  would 
be  about  5 mm  each. 

Actually  tills  reaction  does  go  at  much  higher 
temperatures. 

Other  Influencing  Factors  on 

Electrolytic  Oxidation 

temperature-  Observations  have  shown  that  a 
rise  in  temperature  decreases  the  over  voltage  of 
the  cell,  and  causes  the  reaction  to  proceed  more 
rapidly.  However  oxidation  takes  place  more  easily 
the  higher  the  overvoltage,  ana  hence  the  effect  of 
raising  the  temperature  cannot  be  generalized. 

Anodic  Material-  The  composition  of  the  anode 
afiects  the  over  voltage,  tho  sometimes  its  effect 
is  also  catalytic.  The  catalytic  affect  of  the 
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electrode  material  may  in  some  cases  completely 
outweigh  considerations  of  potential.  Thus,  in  the 
formation  of  periodate  by  the  electrolysis  of  iodate 
in  an  alkaline  solution  with  a smooth  platinum  anode, 
the  potential  rises  during  electrolysis  and  the 
yield  correspondingly  increases,  and  thus  it  appears 
that  the  potential  is  the  governing  factor  in  the 
oxidation  process.  With  a lead  dioxide  anode  however, 
the  yield  is  greatly  iaSi-rovea  although  the  potential 
is  lower  than  with  a platinum  electrode  (37 ) . In 
electrolytic  oxidation  of  methyl  alcohol  in  a dilute 
sulfuric  acid  solution  it  has  been  found  that  at  a 
smooth  platinum  anode  formaldehyde  was  obtained  with 
a yield  of  about  80$,  but  at  platinised  and  lead 
dioxide  anodes  the  formaldehyde  yields  were  only 
40$  and  15$  respectively.  This  can  be  explained  as 
due  to  oxidation  to  formic  acid  and  carbon  dioxiue 
which  takes  place  in  spite  of  the  lower  over- 
voltages (»3). 

Temperature  of ' Anode  Due  to  Local  Heating- 
A phenomenon,  probably  of  great  importance,  to  which 
little  attention  has  been  given,  is  that  the  anode 
in  electrolytic  oxidation  processes  is  probably  at 
a high  temperature,  because  of  the  great  heat  given 
out  by  the  oxidation  reactions  and  by  the  expenditure 
of  energy  in  overcoming  polarization  resistances. 
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By  the  use  of  tubular  electrodes  containing  thermometers, 
or  by  means  of  thermocouples  embedded  in  the  electrode 
surfaces  it  has  been  shown  that  there  is  a marked  rise 
ol  temperature  on  electrolysis,  especially  with  an  des 
at  which  oxygen  is  being  produced  (3 5") . Fiehter  (/&) 
has  shown  numerous  cases  of  reactions  which  apparently 
occur  at  ordinary  temperatures  during  electrolysis  but 
which  require  a high  temperature  when  carried  out 
chemically.  Laufler  (2^)  has  shown  that  by  heating 
an  electrode  with  a subsidiary  current  its  activity 
can  be  increased;  thus  with  a heated  platinum  anode 
p-nitro toluene  was  oxidized  to  p-nitrobenzoic  acid 
instead  of  the  p-nitrobenzyi  alcohol  usually  obtained. 

lid  lienee  Curren  t Density—  When  the  products 
of  electrolysis  are  unstable  ana  it  is  desired  to  attain 
as  large  a yield  as  possible  with  the  minimum  of  aecom- 
position,  a high  current  density  is  advantageous. 

This  has  been  shown  by  Muller  and  Scheiihass  (5<J). 

In  the  present  work  the  greater  the  current  density 
the  greater  the  anode  potential  was,  provided  other 
i actors  remained  the  same.  See  table  VIII. 

the  Electrolyte-  The  potential  of  an 
anode  at  which  oxygen  is  being  formed  is  less  in  an 
alkaline  than  in  an  acid  solution  at  the  same  current 
density.  Thus  the  same  current  flows  at  a lower  potential 
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and  hence  it  appears  that  electrolytic  oxidation  might 
be  loss  intense  in  an  alkaline  electrolyte.  This  was 
found  to  be  the  case  in  this  work  in  that  products  were 
obtained  in  alkaline  medium  which  did  not  appear  when 
an  acid  medium  was  used  as  these  compounds  were  further 
oxidized  to  end  products. 

Oxygen  Carriers-  Electrolytic  oxidation  processes 
are  frequently  aided,  and  sometimes  the  nature  of  the 
product  is  changed,  by  the  addition  of  a catalyst  or 
oxygen  carrier.  These  are  generally  inorganic  ions 
capable  of  undergoing  reversible  oxidation  and  reduction. 
No  oxygen  carriers  were  added  in  these  experiments. 

Experimental 

The  following  experiments  are  described  in  a 
chronological  order  rather  than  according  to  facts  found. 
The  correlation  of  facts  is  given  in  the  summary. 

Equipment-  The  direct  current  was  su. .plied  by  a 
motor-generator  set  capable  of  producing  up  to  20 
volts  and  a current  u*  to  20  amperes.  The  voltage 
was  controlled  by  means  of  a rheostat  connected  in 
the  field  of  the  generator. 

The  cell  was  an  unglazea  Coors  clay  cup  (76  mm 
x 150  mm)  of  about  600  cc  capacity.  The  anode  was 
placed  Inside  the  cup. 
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The  platinum  anode  consisted  of  two  pieces  of 
gauze  5 cm  x 8 cm  each. 

The  lead  dioxide  anode  was  made  by  electrolyzing 
a lead  electrode  at  the  anode  in  a dilute  sulfuric  acid 
solution  until  it  was  completely  coated  with  lead 
dioxide.  It  had  & total  surface  area  of  240  sq.  cm. 

(20  x 6 cm) . 

The  cathode  in  ail  cases  was  a copper  sheet  having 
a total  surface  area  of  450  sc.  cm. 

The  cathode  compartment  was  a 4 1 beaker  and 
contained  in  addition  to  the  catholite,  a stirrer, 
the  cathode,  a heater  and  a thermoregulator  senstive 
to  about  *0.3°.  This  was  placed  in  a 5 gal.  pyrex  jar 
containing  water  which  was  cooled  by  circulating  ice 
water  through  a Ni-Cu  coil. 

The  clay  cup  contained  in  addition  to  the  anode, 
the  anolyte,  a variable  mechanical  stirrer,  and  a 
calibrated  thermometer  that  could  be  reat  to  the 
nearest  0.1°.  An  opening  was  provided  in  the  head 
as  an  air  inlet  so  th  t the  vapors  could  be  sucked  through 
an  ice  trap  whose  temperature  was  below  - 20°.  This 

minimized  evaporation  losses. 

* ' 

The  current  passing  through  the  cell  was  registered 
by  an  ammeter  which  could  be  read  to  about  2%, 
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The  cell  voltage  was  determined  by  a voltmeter 
connected  across  the  anode  and  the  cathode  and  could 
be  read  to  the  nearest  0.1  volt. 

The  anode  potential  was  measured  by  dipping  an 
agar  agar  bridge  saturated  with  KC1  into  the  anolyte 
and  connecting  it  to  a calomel  half  cell.  The  licuid 
junction  potential  was  neglected.  The  other  half  of 
the  cell  was  connected  through  a student  potentiometer 
to  the  anode;  thus  the  potential  between  the  anode  and 
the  anolyte  could  be  measured  to  the  nearest  0.001 
volt.  When  the  electrode  potential  was  measured  between 
the  bottom  of  the  anolyte  anu  the  anode,  it  >vas  found 
to  vary  considerably  from  one  potential  measured 
between  the  top  of  the  anolyte  and  the  anode.  The 
variation  was  often  as  much  es  lOOji.  The  rate  of 
stirring  had  little  or  no  effect  on  this  difference 
in  potential.  The  only  explanation  of  this  phenom- 
enon suggested  is  that  there  are  charged  gases  rising 
to  the  top  of  the  solution  causing  a higher  concen- 
tration of  costive  charge  at  the  top  of  the  solution. 

The  potential  at  corresponding  levels  from  the 
anolyte  to  the  anode  was  measured  and  then  the  poten- 
tial from  the  anolyte  to  the  cathode  was  measured  and  the 
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sum  of  the  potentials  as  shown  in  Fig.  5 was  always 
equal  to  the  potential  measured  from  the  cathode 
to  the  anode  by  uhe  voltmeter  within  experimental 
error  of  reading  of  the  instruments.  For  example 
in  one  readings  The  potential  across  the  ceil  was 
5.8  volts.  The  potential  from  the  bottom  of  the  anolyte 
to  the  anoae  was  1.26  volts  ana  the  potential  from 
the  bottom  of  the  anoiyte  to  the  c thode  was  4.50 
volts  or  a total  of  5.76  volts.  Ana  similarly  from 
the  top  of  the  anoiyte  to  one  anode  .s  2.20  volts 
and  &he  potential  from  the  top  of  the  anoiyte  to  hie 
cathode  was  6. Si  volts  or  a total  of  5.74  volts. 

Since  the  volt ae ter  could  be  read  to  only  0.1  volt 
these  readings  are  v/ej.1  within  experimental  error. 

The  electrode  potential  as  shown  in  table  VIII  was 
read  from  the  bottom  of  che  anoiyte  to  hie  anode. 

Conditions  of  cue  Experiment 

The  first  set  of  experiments  consisted  of  two 
electrolytic  oxidations  using  85$  alpha  pinene  (chief 
impurities  were  gamp  ene  and  /?plnene)  at  pis  tinum 
anodes  and  with  acetic  acid-water  solutions,  ho  acids 
were  formed  anu  the  only  ox-iition  products  was  a 
fixture  tri-  and  tetra-.  cet.hts.  These  .exe 
determined  by  saponific  tion  equivalent  by  the  use 
of  standardized  KOH  in  ethylene  glycol.  These  were 
difficult  to  hydrolyze  and  no  alcohols  couwd  be  identified 
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upon  hydrolysis.  Terpineol  and  terpin  hydr  te  v, ere 
identified  as  hydration  products.  Terpineol  was 
identified  as  its  pheny lure thane  and  the  terpin  hydrate 
was  identified  by  its  mixed  melting  point  of  lli-ilb0. 

Two  experiments  using  lead  dioxide  anode  and 
85$  pinene  (table  VIII)  under  conditions  similar  to 
those  of  Fichter  and  Schetty  (/7)  were  carried  out. 

The  products  were  similar  to  those  obtained  by  them 
but  no  p-cymene  or  cineol  were  found.  Chadwick  and 
Palkin  ( // ) have  shown  that  both  p-cymene  and  cineol 
are  natural  products  of  crude  turpentine.  Since  few 
constants  are  quoted  on  the  turpentine  used  by  Fichter 
and  Schetty,  it  is  likely  that  these  compounds  were 
already  in  their  turpentine 

The  next  series  of  two  experiments  (table  VIII) 
was  made  starting  with  pure  pinene  using  10$  sulfuric 
acid  as  the  anolyte  with  a platinum  anode.  Pinene, 
pinene,  polymer,  and  hydration  products  of  terpin 
hydrate  and  terpineol  were  obtained.  When  pinene 
was  stirred  in  the  presence  of  sulfuric  acid  and  no 
current  passed  through  it,  the  products  were  the  same 
except  the  total  recover.,  was  greater  and  the  amount 
of  polymer  was  almost  negligible.  When  the  oxidizing 
potential  was  incr eased  the  molecule  appeared  to 
suffer  complete  disintergration  (60). 
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When  ' /Jpinene  was  orflitH  in  a saturated  soiutj 
of  Kxlittt  bicarbonate  using  a platinum  anode,  & pinene 
disappeared  but  in  general  no  oxidation  product  couxd 
be  isolated  from  the  remaining  liquid  except  polymer. 
Control  experiments  where  no  electricity  was  passed 
produced  no  reaction  did  indicates  that  the  (3  ml 
which  couid  not  be  accounted  for  was  completely 
oxidized  to  COg»  Id  one  experiment  ho.-  ever,  one 
electrode  potential  was  much  below  that  usually 
attained.  The  platinum  anode  was  brown  . t -he  c nclusion 
of  the  oxidation  a.id  nopinone  was  i sol  ted  ici  identi- 
fied by  its  semicarbazide.  The  physical  properties 
of  this  derivative  were  quite  simiiiar  to  thos 
described  in  chapter  II.  Buplic-te  runs  did  not 
give  nopinone  -aid  * t is  thought  th  i a trace  catalyst 
or  ”oxy0en  Carrier”  was  responsible  for  the  change 
in  the  course  of  the  oxidation. 

Since  fi  pinene  appears  to  be  completely  oxidized 
at  a platinum  auocte  the  lead  dioxiue  anoue  in  10$ 
sulfuric  acid  was  tried.  The  & pinene  was  isomer ised 
to'  «x  pinene  ana  to  dipen t ene.  Hyaration  products 
were  ter*eneol  ana  1-6  terpin.  Oxidation  products 
were  terebic  acia  and  a polymer. 

Sodium  bicarbonate  was  substituted  as  -he  electro- 
lyte to  reauce  the  OAidation  potential  ana  beta  pinene 
gave  as  oxidation  prouuets,  poiymer  ana  pinoc&rvons. 
Pinocarvone  was  identified  by  its  semicarbazone. 
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Hydration  and  isomerization  products  were  negligible. 

Hydration  Experiments 

In  table  VIII  experiments  14  and  15,  page  78, 
give  the  action  of  the  electrolyte  on  the  £ pinene. 

When  10#  sulfuric  acid  is  stirred  with  /Spinene 
under  conditions  of  the  electrolytic  oxidation  except 
that  no  current  is  passed  through  the  emulsion,  the 
hydration  products  <Kterpineol  and  1-8  terpin  hyarate 
were  formed.  The  time  was  about  the  same  as  in  the 
electrolytic  oxidations  and  was  about  100  hours. 

The  amount  of  polymerization  is  small. 

Since  the  above  products  would  be  formed  by  hy- 
dration in  a sulfuric  acid  medium,  it  was  necessary 
to  find  a medium  that  would  keep  hydration  products  to 
a minimum  in  order  to  study  the  action  of  electricity 
on  pure  3 pinene. 

Sodium  bicarbonate  emulsions  were  used  to  give 
neutral  solutions  and  one  that  was  not  likely  to  cause 
hydration.  The  action  of  saturated  sodium  bicarbonate 
emulsions  on  3 pinene  is  given  in  table  VIII,  page  78. 

It  is  seen  that  both  hydration  and  isomerization  products 
are  negligible. 
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Identification  of  Products 


The  hydrocarbons  o'lpinene,  /0pinene  and  dipentene 
and  the  ketones  pinocarvone  and  nopinone  had  similar 
properties  to  those  described  in  Chapter  II  and  were 
analyzed  and  identified  in  the  same  manner. 

Ter^ineol  had  the  following  constants:  b.p.  112° 

(20  mm),  d£54  0.920,  n25D  1.4010,  (a)25D  -80°. 

Stephan  (S3)  gives:  b.p.  219-221°  (760  mm),  d15  0.938, 

n^D  1.48322,  (a)  -95. 5°.  Puller  and  Kenyon  (zo) 
reported:  b.p.  104°  (15  mm),  dl4,54  0.9475,  n15D 
1.4819,  (a)20D  - 100.5°.  It  was  identified  by  its 
pheny lur e thane  m.p.  107-8°.  Kay  and  Perkin  (27) 
reported  109.5°. 

Cis-terpin  hydrate  was  identified  by  its  m.p.  of 
112-113°.  When  mixed  with  a known  sample  of  cis- 
terpin  hydrate  the  melting  point  was  still  112-113°. 
Bayer  (i  ) gives  116-117°  for  cis  terpin  hydrate  and 
104-105°  for  cis-terpin.  The  anhydrous  glycol  on 
exposure  to  air  rapidly  adsorbs  water  with  the  formation 
of  the  hydrate. 

The  mixtures  of  tri-  and  tetra-acetates  were 
determined  by  hydrolysis  constants  only  and  the 
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alcohols  were  not  isolated.  These  acetates  were  hydro- 
lyzed by  heating  them  with  an  excess  of  KOH  in  ethylene 
glycol  and  back  titrating  with  standardized  HC1. 

ferebie  acid,  XIV,  was  identified  by  its  melting 
point  of  172-174°  and  its  neutral  e ui valent  of  84. 

The  calculated  neutral  equivalent  for  C7HLQ04  is  81. 

The  accepted  (3o)  value  for  the  melting  point  is  174-175°. 


CHg  C% 


XIV 
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A Ammeter 

B Calomel  naif  cell 
C Galvanometer 
D Agar-agar  KCj.  bridge 
E Reaction  Ceio. 

F Anode 

G D.C.  generator 
H Stuuent  potentiometer 
V Voltmeter 


Fig.  6 Electrical  Connections  for 
Electrolytic  Oxidations 
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Electrolytic  oxidation  of  Beta  Pinene 
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Data  on  the  Eleotrolytio  Oxidation  of  Beta  Pinene 
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92.0 


Discussion 


The  results  of  Fichter  and  Schetty  have  been 
duplicated  except  that  no  p-cymene  or  cineol  were 
obtained.  It  has  been  pointed  out,  however  that  there 
was  a possibility  e,hat  the  p-cymene  and  cineol  were 
present  in  the  pinene  used  by  them  since  both  are 
natural  products  of  turpentine. 

It  has  been  shown  by  ToBaaila  {60)  that  the  material 
obtained  is  dependent  upon  the  anode  material.  Some 
anodes  oxidize  the  compound  leaving  the  cnain  intact 
while  bright  platinum  tends  to  break  the  C-C  bond  to 
give  COg.  This  has  been  verified  in  that  pinene 
disappears  when  electrolyzed  at  a bright  platinum 
electrode. 

When  the  electrode  potential  was  lowered  by  the  use 
of  the  lead  dioxide  electrodes  terebic  acid  was  obtained, 
which  is  in  conformity  with^he  theoretical  discussion 
already  given.  Beta  pinene  in  a sodium  bicarbonate 
solution  at  a lead  dioxide  anode  gave  pinocarvone  and 
a polymer. 

Other  important  factors  that  i.oist  be  more  rigidly 
controlled  than  have  been  possible  at  this  laboratory 
are  the  current  density,  temperature,  and  the  anoiyte 
purity.  The  motor  generator  set  was  run  from  a 
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iiu  volt  A.C*  outlet.  This  source  of  current  was 
observed.  to  vary  from  100  volts  to  12o  volts,  which 
of  course,  caused  «he  output  from  the  direct  current 
generator  to  vary  as  much  as  25 jo  from  a ny  given 
setting*  While  the  temperature  in  the  cathoiite 
remained  within  0.5°  of  that  set  by  the  thermor em- 
ulator the  temperature  inside  the  cup  would  vary 
as  much  as  3°  because  of  the  different  amount  of 
current  passing  through  it.  Since  it  has  been 
shown  that  an  increase  in  temperature  caused  react- 
ions to  proceed  more  easily  and  because  of  the  increased 
overvoltage  from  the  increased  current  density,  the 
reactions  eouiu  not  be  controlled  as  accurately  as 
was  necessary  for  quantitative  work  in  this  field. 

The  clay  cups  were  not  analyzed  for  mineral  content 
and  sometimes  there  seemed  to  be  some  minerals 
introduced  into  the  anoiyte  that  acted  a*  catalyst. 

The  problem  of  electrolytic  oxidation  is 
a science  but  at  the  present  tie  it  has  not  been 
developed  much  beyond  .he  stage  of  an  art.  When 
the  process  is  placed  on  a sound  foundation  it  should 
prove  to  be  one  of  the  most  versatile  method  of 
oxidation  known.  The  correct  control  of  the  execurode 
potential,  the  current  density,  anoiyte  composition, 
anode  material  ana  temperature,  should  maxe  it  versatile 
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enough  to  accomplish  any  oxidation  th-.t  is  now  possible 
by  chemical  means  and  many  that  are  not  today  possible. 

Summary 

Pinene  was  oxidized  in  acetic  acid  with  a platinum 
anode  and  mixtures  of  tri-  and  tetra-acetates  were  formed. 

The  anode  potential  of  platinum  is  so  high  in  10% 
sulfuric  acid  solution  that  pinene  is  apparently 
completely  oxidized. 

In  one  experiment  using  a platinum  anode  and 
saturated  sodium  bicarbonate  anolyte  nopinone  was  obtained. 

Separate  experiments  show  that  beta  pinene  is 
hydrolyzed  to  terpineol  and  terpin  hydrate  in  10% 
sulfuric  acid  when  no  electricity. is  passed. 

With  a 10 % sulfuric  acid  anolyte  and  lead  dioxide 
anode,  pinene  was  oxidized  to  terebic  acid.  These 
compounds  terpineol  and  1-8  terpin  obtained  by  Fichter 
and  Schecty  (/7)  were  shown  definitely  to  be  hydration 
products. 

With  a lead  dioxide  anode  and  a saturated  bicarbonate 
anolyte, pinene  gave  pinocarvone.  hydration  of  the 
^pinene  was  negligible. 

Temperatures,  current  densities,  and  anode  potentials 
are  recorded.  The  anode  potential  is  greater  when  measured 
from  the  top  of  the  anolyte  to  the  anode  than  when  measured 
from  the  bottom.  Stirring  had  no  effect  on  the  potential. 
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Chapter  IV 


/ 


/ 


THE  OXIDATION  OF  CXCLOHEXENE 
Introduction 

Fichter  and  Schetty  (/7)  reported  p-cymene  from 
the  electrolytic  oxidation  of  pinene.  p-Gymene,  XV, 
could  be  formed  by  the  dehydrogenation  of  beta  pinene, 

I. 


Since  p-cymene  would  be  present  &s  a dehydration  product 
it  was  decided  to  oxidize  cyclohexene  electrolytic;?  liy 
to  see  whether  adipic  acid  or  benzene,  or  both,  would 
be  formed.  The  benzene  wourd  be  a dehydrogenation 
product,  while  adipic  acid  would  form  by  the  fission 
of  the  ring  at  the  ethylenic  linkage. 
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Preparation  of  Cyclohexene 

The  cyclohexene  was  prepared  by  allowing  commercial 
cyclohexanol  to  drip  into  phosphoric  acid  at  140°.  The 
phosphoric  acxd  dehyur&teu  xha  cyciohe-unox  nid  the 
cyclohexene  was  distilled  out  as  it  was  formed,  yields 
were  92-95JS  based  on  cyclohexanol.  The  cyciohexene  was 
separated  from  the  water  tnat  uistxiied  over  and  cried 
over  sodium  for  a day.  The  cyciohexene  was  fractionated 
and  had  the  following  constants;  b.p.  83.3  (760  mm), 
d^&4  0,806,  n D 1.4443.  These  are  the  accepted  con- 
stants {30  ). 

Electrolytic  Oxidation 

50  g of  cyciohexene  were  oxidized  at  a lead  dioxide 
anode  in  a saturated  sodium  bicsrbonate  emulsion  et 
£5-30°.  The  eiectrode  potential  was  1.26  volts  and 
the  current  density  was  0.0021  amperes  per  square 
centimeter.  The  equipment  was  the  same  s used  for 
the  electrolytic  oxidation  of  /Spinene.  5.2  Faradays 
per  mol  of  cycloiiexene  were  passed  through  the  emulsion. 

iSo  acids  were  present.  The  mixture  was  extracted 
with  ether  and  carefully  fractionated.  No  benzene 
couid  be  detected.  4 g of  cyclohexene-1, one-3,  XVI, 
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XVI 

were  collected,  and  had  che  following  constants;  b.p. 
64-65  (20  mm),  n25D  1.4808,  d~54  0.065.  It  was 
identified  as  its  semicarbazone  m.p.  164-166".  Marvel 
aiid  Walton  (34)  reported;  b.p . 67-69  (22  am),  nc0x> 

1.4818  and  a semicarbazone  m.p.  of  160-161°. 

The  oruy  other  recovery  was  4 g of  polymer  that 
was  insoluble  in  the  commoix  solvents.  The  total  recovery 
was  only  16$. 

Other  experiments  under  the  same  conditions  except 
for  an  ice  trap  outlet  for  minimizing  evaporation 
losses  gave  from  74  g of  cyclohexene  37$  polymer  and 
21$  cyclohexene-1,  one-3.  Physical  constants  were 
similar  to  those  above. 

Selenium  Dioxide  Oxidation 
of  Cyclohexene 

It  has  been  shown  that  selenium  dioxide  attacks 
a aiethyl  or  methylene  group  activated  by  an  ethylenic 
linkage  to  form  unsaturated  alcohols  and  ketones  (-5^). 
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Since  cyciohexene-i,one-S,  described  above,  is  obtained 

by  the  oxidation  of  a methylene  group  activated  by 
an  ethylenic  linkage,  cyclohexene  was  oxidized  by 
selenium  dioxide  in  order  to  compare  the  action  of 
selenium  dioxide  to  electrolytic  oxidation  under  the 
conditions  described  above. 

Preparation  of  Selenium  Dioxide 

Selenium  of  99%  purity  was  dissolved  in  an  excess 
of  concentrated  nitric  acid  in  the  hood.  This  solution 
was  then  evaporated  to  dryness  over  a steam  b th.  ":nen 
dry  it  was  dissolved  in  water,  filtered  and  agaxii 
evaporated  to  dr/ness.  It  was  again  dissolved  in 
water  filtered  and  evaporated.  When  dry  it  was  heated 
at  125°  for  4 hours  and  pulverised  in  a Mortar.  When 
prepared  in  tnls  manner  (-57)  the  product  was  quite 
free  from  nitric  acid  and  ready  for  use. 

Experimental 

The  cyclohexene  was  placed  in  a three  neck  fl^sx 
equipp'd  with  a 3tirrer  and  a reflux  condenser  and  a 
plug  for  adding  the  powdered  selenium  dioxide.  The 
powdered  selenium  dioxide  was  added  slowly.  Care 
must  be  taken  to  avoid  too  rapid  an  audition  as  this 
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will  cause  the  reaction  to  take  place  with  explosive 
violence.  It  was  aided  at  such  a rate  that  Uie  temper- 
ature was  about  50°.  When  alt  the  selenium  dioxide 
was  added  the  mixture  was  refluxed  for  four  hours. 

The  molar  ratio  of  selenium  dioxide  to  cyclohexene 
was  1:1. 

This  mixture  was  steam  distilled  and  from  82  g 

of  cyclohexene,  14  g of  ey ciohexene-1 , one-5  were 

obtained.  It  was  identified  as  previously  described. 

About  0.8  g of  cyclohexene-1, ol-3  was  fractionated 

from  the  above  steam  distillate.  It  had  the  following 

25 

constants;  b.p.  74-75  (£0  mm),  1.4720,  d 4 0.98 

It  was  identified  as  its  pheny lure thane,  m.p.  102-104? 
Marvel  and  Walton  (3^)  rey^rted  106-107°  as  the  melting 
point  of  the  pheny lur ethane . 

Conclusion 

It  has  been  shown  that  under  certain  conditions 
that  electrolytic  oxidations  parallel  the  action  of 
selenium  dioxide. 
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Summary 


Cyclohexene  was  oxidized  by  electricity  at  a 
lead  dioxide  anode  in  saturated  sodium  bicarbonate 
emulsion  and  by  selenium  dioxide.  Both  yielded 
cy ciohexene-i. , one-d . From  the  selenium  dioxide 
oxidation  a small  amount  ol  cyclohexene-1, ol-2  was 
isolated.  It  was  characterized. 
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